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Abstract:
Clonality prevails as reproductive strategy of choice in several plant species, including
Asimina triloba. More commonly known as the North American Paw Paw tree, this plant yields
high domestication potential and well as scientific value. Clonality and inbreeding are highly
common in Paw Paw which can pose a threat to the species’ success due the effect on genetic
variation. The goal of this experiment was to examine geographic distance in the context of
clonality by determining the number of individuals and clones within and among subpopulations.
Methodology includes analysis of plant genetic makeup through extraction, amplification, and
iSSR analysis. Data was examined using GenAlex and STRUCTURE, which yielded models of
heterozygosity, genetic distance, genetic relatedness, molecular variance, and evolutionary
relatedness. Little data supported features of clonality and much of it had to be discarded due to
the programs’ incompatibility with clonal genes. Though no conclusions could be drawn about
genetic distance and clonality, the study offered a look into the reproductive strategies of the Paw
Paw tree and how clonal organisms are studied. Future directions include development of
population genetic analysis program that are compatible with clonal organisms.

Introduction:
Plants possess diverse mechanisms for reproduction. Reproductive strategies include
sexuality and asexuality that often occur simultaneously. The most common form of asexual
reproduction is clonal growth via vegetative propagation and exists in high proportions within
herbaceous plant species (Anderson and Kohn, 1995; Klimes, 2003; Liu et. al, 2006). This
growth process is an adaptive strategy where a plant exists not as an individual, but as a genetic
clone of an original plant. Clonal plants are derived from a single zygote, known as a genet, and
are made up of genetically identical offspring, known as ramets, that form distinct patches
(Herben et. al, 1994). Though the ramets are capable of existing independently, they usually stay
connected for resource exchange and intra-clonal transduction (Eriksson and Jerling 1990;
Klimes et. al, 1997).
With the rise of molecular-genetic markers, which can be translated as Mendelian
determinants, interest in plant population genetics rose as well. The study of clonal plant growth
is of great interest within the field of population genetics with numerous ideas and hypotheses
constantly circulating (Handel, 1985; Barrett, 2015; Philbrick and Les, 1996; De Mauro, 1993;

Reinartz and Les, 1994). With that being said, clonality is not exactly an easy subject to study.
Converting clonal plant genetics into data can be difficult because offspring in these species
occur from generative reproduction and/or clonal propagation. The extent of these combined
processes is not completely understood and can cause population models to yield inconclusive
results.
Commonly known as the North American Paw Paw tree, Asimina triloba reproduces both
sexually and asexually. This tree grows wild in the eastern United States as well as southeast
Canada (Kral, 1960) and is characterized by its highly nutritious and extremely delicious fruit
(Peterson, et. al 1982). The Paw Paw is in its early stages of domestication with high
commercial, (Pomper and Layne, 2005) as well as scientific, value. Reproduction through seed
germination is uncommon in Paw Paw due its characteristically low production of fruit (Wilson
and Schemske, 1980). Researchers have concluded that during asexual reproduction, ramet
growth occurs through root suckering (Normal et al., 1992). The plant is able to self-fertilize, but
outcrossing is much more common via flies or beetles (Wilson and Schemske, 1980). There is
relatively high genetic variation among Paw Paw population, but very little genetic variation
within the populations themselves, which is likely due to clonality and inbreeding (Rogstad et. al
1991). This suggests that even though genetic differentiation occurs throughout Paw Paw
populations, clonal growth and potential inbreeding cause genetic identicality and the creation of
subpopulations.
Such high rates of clonality and inbreeding pose a detrimental threat to Paw Paw trees.
From an evolutionary biology perspective, sexuality is preferred long-term (Tiffney and Niklas,
1985) and asexuality is preferred short-term (Ayala, 1998; Charlesworth, 1989). With that being
said, clonal and inbred organisms can often struggle to succeed long-term. Generationally, clones

are incapable of creating significant genetic variation, which leaves them vulnerable to unstable
environments and as poor competitors against specific genotype targeting parasites and diseases.
Clonal species are less effective when removing deleterious mutations and when selecting for
beneficial mutations due to the absence of recombination. Long-term, this yields a potential
accumulation of the deleterious mutations (Felsenstein, 1974; Lokki, 1976). In regard to
inbreeding, self-fertilization or breeding between genetically related individuals causes
inbreeding depression. Inbreeding alters many traits related to resistance like the plant’s
structural defenses (Karivat, 2013), release of volatile compounds (Delphia, 2009), as well as the
concentrations of secondary compounds (Campbell et. al, 2013; Kalske et.al, 2014). Due to the
high volume of clonality and inbreeding in Paw Paw, the species is highly susceptible to all these
negative effects. In severe cases, these effects could even drive Paw Paw to extinction.
Though some conclusions have been drawn about this plant, very little research has gone
into the reproductive strategies of Paw Paw. Further understanding of the plant is vital due to
high domestication potential, but even more so to its unique reproductive duplicity and the
resounding effect it has on the plant’s success. Comparing the number of individuals to clones in
three West Virginia University (WVU) Core Arboretum Paw Paw subpopulations can be done
by analyzing their genetic makeup by using PCR to locate Inter Simple Sequence Repeats (iSSR)
and analyzing the data through models of heterozygosity, genetic distance, molecular variance,
and loci versus individuals matrices. Subpopulations exist in habitable areas known as patches
and will be referred to as this moving forward. It is hypothesized that each patch will contain
trees that are genetically similar to one another, but the patches themselves will be genetically
unique. Additionally, it is proposed that patches that are closer together will be more genetically
similar than patches further apart.

Methods:
Sample Selection
Patches were chosen based on proximity and low fruit production. Special care was
taken to select Paw Paw trees that were close enough together to potentially be clonal, but still in
distinct clusters for possible genetic independence among patches. Additionally, low fruit
producing patches were of interest due to their reliance on asexual reproduction and thus,
clonality. Three patches were chosen from the WVU Core Arboretum that met these
requirements (Fig. 1). Patch 1 consists of 8 Paw Paw trees labelled PP43-50. Patch 2 includes 6
Paw Paw trees labelled PP51-56. Patch 3 contains 5 Paw Paw trees labelled PP57-61. Patch 1
contained only one high fruit bearing individual, patch 2 contained no high fruit bearing
individuals, and patch 3 contained two high fruit bearing individuals. The distribution of patch 1
was circular, whereas patches 2 and 3 were arranged linearly. GPS coordinates and elevation
were taken for each tree (Table 1) as well as distances between each tree (Table 2-4).
Sample treatment
The chosen samples were collected at an earlier date and kept frozen until execution of
this experiment. In preparation for genomic DNA extraction, the plant cells were disrupted by
grinding the frozen tissue with liquid nitrogen. Extraction was completed by following the
Qiagen DNeasy Plant DNA Extraction Protocol (Qiagen, 2018). Following this process, the
samples were quantified using NanoDrop Spectrophotometer to assess gDNA and RNA purity
with A260/A280 ratios.
Laboratory procedures
Amplification was performed using iSSR PCR with a Qiagen PCR Multiplex Kit
(Qiagen, 2010). Twelve iSSR primers were used for sequence targeting (Table 5). The

thermocycler conditions consisted of three cycles. Cycle 1 occurred at 95°C for 15 minutes with
1 repeat. Cycle 2 proceeded at 94°C for 30 seconds, 50°C for 45 seconds, and 72°C for 2 minutes
and was repeated 35 times. Cycle 3 finished at 72°C for 10 minutes and held at 10°C until further
procedures. The relative success of the PCR was measured by performing 1% Agarose Gel
Electrophoresis.
Bioinformatics
iSSR analysis was chosen because it utilizes the abundance of simple sequence repeats
(SSRs) in the genome. Different primers were mixed within the same reaction to create
combinatorial products and the multiplexed iSSR products were sequenced to identify single
nucleotide polymorphisms (SNPs). Genetic material was purified using iTruMagNa Magnetic
Beads yielding a fragment size of ~580bp. The samples were then sent to the WVU Genomics
core for library preparation and quantification. Preparation was completed by using the SparO
Library Kit and Axygen Bead Cleanup. Quantification was done by using a Qubit High
Sensitivity DNA Kit. Because Paw Paw has not yet been sequenced and assembled, iSSR
product assembly occurred through de novo assembly. Merged assemblies were sequenced with
Illumina MiSeq Sequencing platform MiSeq Paired End 250 Chemistry, which yielded 7,757
sequences after 14-fold reduction. Sequences were then aligned to reference assembly (bwa
mem), SNPs and other polymorphisms were identified, and genotype calls for each individual
were produced in Structure format by Stacks and converted to GenAlex format.
Statistics
To analyze the data, two programs were used: GenAlEx and STRUCTURE. GenAlEx
was used to calculate the genetic distance and relatedness between chosen specimens.
Polymorphic sites were focused on when calculating genetic distances among samples.

STRUCTURE was used for multi-locus genotype data to investigate population structure and
group samples together based on genetic similarity. The parameters for STRUCTURE were set
for 1000 MCMC reps after the burn-in, a K range of 1-8, and 5 iterations.
Results:
This experiment examined three different Paw Paw patches in an attempt to identify the
number of individuals versus the number of clones within each patch. Modern sequencing
techniques and analyses programs were used. In total, 19 Paw Paw trees and 3 replicates were
sampled and analyzed with GenAlEx and STRUCTURE. The GenAlEx program yielded
frequency-based and distance-based analyses which resulted in estimation of heterozygosity and
pair-wise genetic distance through individual relatedness, as well as analyses of molecular
variance (AMOVA), a Mantel plot, and a phylogenetic tree. STRUCTURE generated a Delta K
plot and loci versus individuals matrices, which estimates the number of ancestral populations.
The heterozygosity results were analyzed for the observed (Ho) and expected (He)
heterozygosities as well as the fixation index for each individual site and among all three sites
(Table 6). Patch #1 yielded a mean Ho value of 0.305 ± 0.023 and a He value of 0.195 ± 0.012.
It’s fixation index was -0.446 ± 0.036. Patch #2 reported a mean Ho value of 0.375 ± 0.024 and a
mean He value of 0.242 ± 0.012. It’s fixation index was -0.443 ± 0.038. Patch #3 had a Ho value
of 0.338 ± 0.023 and a He value of 0.227 ± 0.012. It’s fixation rate was -0.407 ± 0.038. The grand
mean among all three sites yielded a Ho value of 0.338 ± 0.014 and a He value of 0.227 ± 0.012.
This fixation rate was -0.432 ± 0.022.
Genetic distance calculation and estimation of relatedness was done through a heatmap
(Fig. 2) and a histogram (Fig. 3). The generated heatmap showed patch #1 with mostly light blue
cells, patch #2 with light blue cells and two light red cells, and patch #3 with light blue cells and

two light red cells as well. Between patch #1 and patch #2, cells appear to be mainly light red,
with a few dark red and light blue cells. Between patch #2 and patch #3, the majority of cells are
a medium tone red with a few dark red and white cells interspersed. Patches #1 and #3 show
similar cells to #2 and #3. The histogram displays frequency versus QGM values. Generated
values range from 209 to 619 with a peak from the mid-400s to the mid-500s.
The AMOVA output generated a pie chart showing the percentage of genetic variance
that is among populations, among individuals, and within individuals (Fig. 4). Among
populations showed 20% molecular variance, among individuals showed 31% molecular
variance, and within individuals showed 49% molecular variance. Additionally, the AMOVA
output generated F-statistics, which included an FST value (genetic differentiation over
subpopulations) of 0.195, a FIS value (deviation from H-W proportions in subpopulations) of
0.391, and a FIT value (deviation from H-W proportions in total population) of 0.509 all with P
= 0.010.
The Mantel test and phylogenetic tree resulted in measurements of genetic and
geographic distance. The Mantel test showed a positive correlation between GD and GGD values
(Fig. 5). Plots strongly concentrated between 200 and 400 GD and increased to 600 as GGD rose
to 60. The graph showed a y-value of 3.1121x + 360.49 and a R2 value of 0.3604 (r = 0.600).
Permutations totaling 99 of the rows and columns of GD produced the distribution of
correlations under the null hypothesis. None of these values were bigger than the observed value
of 0.600. Thus, the chance of getting a value as big as the observed value is smaller than 1/99,
designating a p-value of 0.01. Phylogenetic data was arranged in a color-coded circular
cladogram for individuals of patch 1 (yellow), patch 2 (green), and patch 3 (blue). Individuals of

the same patch have clustered branches and connected at closer branch points than those of
different patches (Fig. 6).
Lastly, analysis through STRUCTURE yielded an inconclusive DeltaK plot as well as
inconclusive loci versus individuals matrices. Inference of true K (number of populations) versus
an ad hoc quantity (ΔK) was unclear due to the presence of more than one clear peak (Fig. 7).
The plot presented a clear peak at 1.2 ΔK and 3.0 K and another clear peak at 1.7 ΔK and 7 K.
Because there were two peaks, two matrices were generated, both unable to accurately depict
individual genome proportion from inferred populations (Fig. 8 and 9).
Discussion:
Within each site as well as among all three sites observed heterozygosity was
significantly higher than expected heterozygosity and the Fst values were all in the negative
(Table 6). High heterozygosity suggests a great deal of genetic variation whereas low levels
indicate reduced levels of variation. Fixation values account for population differentiation. When
the value ranges from 0 to 1, sites are interbreeding freely, and when the value is 1, the entire
genetic variation is described by the population structure. Negative Fst values suggest
heterozygosity excess. The data suggests that there is extremely high genetic variation both
within and among patches. However, these values cannot be taken at face value due to the clonal
nature of Paw Paw trees. Asexual reproduction can account for high levels of heterozygosity.
This is due to the accumulation of mutations over time and generations. The mutations that occur
are permanent and cannot be lost through genetic drift (Judson and Normark, 1996; Welch and
Meselson, 2000). Compared to exclusively sexually reproducing populations, clonal populations
maintain almost double the alleles per locus and population differentiation is drastically
decreased. (Alberto et. al, 2005; Balloux et. al, Demotte et. al, 2002; Ruggiero et. al, 2005).

Because of this, heterozygosity and fixation value are not as telling of genetic variation in this
experiment as it is in others and cannot be used to draw conclusions.
The heat matrix generated by GenAlEx estimated the genetic distance and genetic
relatedness between and within patches (Fig. 2). In a heat matrix, cells range from blue to red,
with the deepest blue being the most genetically similar and the deepest red being the most
genetically dissimilar. Within all three patches, cells are almost exclusively light blue. This
suggests that the trees within each patch are genetically similar, however, since no cells are a
dark blue, it does not suggest high clonality. Depending on the age of clonal lineage, this could
be due to somatic mutations, causing the clones to disseminate genetically. The relatedness
between patches, is a little more difficult to draw conclusions about. It appears patches #1 and #2
are slightly more similar than patches 1# and #3, which makes sense due to the fact that #2 is
closer than #3. However, patches #1 and #3 appear to be more similar to one another than
patches #2 and #3. Due to genetic dissimilarity, this could suggest the individuals were not
spread through asexuality, but through sexual reproduction and seed dispersal could be random.
The relatedness between patches is somewhat unclear, but it is apparent that there is high
similarity and possible clonality within patches. Additionally, this data could suggest how a
single clonal linage disperses. Upon visual observation of the three patches, patch #1 presented
in a circular arrangement, whereas patches #2 and #3 were arranged linearly. Patch #1 contains
only blue cells. Patches #2 and #3 contain much lighter blue cells that patch #1 and have a few
red and white cells. The circular patch appears to be more genetically similar than the two linear
patches.
According to the coefficient of genetic differentiation (Fst = 0.195; Fig. 4), genetic
variation within individuals (49%; Fig. 4) is remarkably higher than among populations (20%;

Fig. 4) and among individuals (31%; Fig. 4). AMOVA is used to detect population
differentiation by utilizing molecular markers. It can provide support for hypotheses of
population structure due to isolation or clonality and it does so without making assumptions
about Hardy-Weinberg equilibrium. When the highest variation occurs among individuals and
among populations, the hypothesis for clonal reproduction is supported due to its suggestion of
population structure. With that being said, the experimental data divulges that the most variance
is within individuals, which is characteristic of panmictic populations. This suggests that the
most genetic variation occurs between the individuals of each specific patch. Additionally, the Fst
value has a fairly low p-value (P = 0.010), thus rejecting the null hypothesis. These results not
only contradict the results of our heat matrix, but also the known features of clonal species as a
whole and Paw Paw in specific. In a previous study, twenty-two individuals were collected from
five sites and genetic variance for variable DNA was loci was examined in Paw Paw by using a
M13 fingerprinting probe. The experiment concluded that there is relatively high genetic
variation among populations of Paw Paw, but little to almost none within the populations
themselves (Rogstad et. al, 1991). These results are much more characteristic of clonal species
and coincide with the results of the heat matrix. Because of this, the data should be ran again or
more samples should be tested.
The Mantel scatterplot showed a positive correlation between genetic distance (GD) and
geographical distance (GGD) (Fig. 5). The Mantel test uses pairwise Fst and related statistics to
determine the spatial methods behind population structure. The correlation between GD and
GGD was equal to 0.600 with a linear relationship of y = 3.1121x + 360.49 and 36% variance (p
= 0.01). The data concludes that closer individuals tend to be more genetically alike than would
be expected by chance and that there is a linear increase in genetic difference compared to

geographic distance. The results of the Mantel plot suggest that the Paw Paw trees closest
together, like those within patches are significantly more similar than ones further away from
each other, like those among patches. This supports the assumption that trees with higher genetic
similarity exist in closer proximity to one another than do trees with low genetic similarity.
The data from the phylogenetic tree suggests that individuals within patches are more
evolutionarily related than those among patches (Fig. 6). Phylogenies are based on similarities
and differences in physical as well as genetic characteristics. Results show that patches
themselves show stronger evolutionary relationships than relationships between patches. This
suggests individuals within each patch are more evolutionarily similar to one another than they
are to individuals of other patches. Furthermore, evolutionary relatedness can be analyzed by
comparing distance between the individuals (Table 2-4) of the same clade. It is easier to draw
conclusions about genetic distance and relatedness of individuals from patches 2 and 3 because
they are arranged linearly. Distance measurements were taken from tree to tree. Patch 1 is
organized in a circle and measurements were taken from the distance of all individuals from one
central tree (PP43). Thus, patches 2 and 3 from the phylogenetic tree were analyzed. The data
yielded no conclusive results with some closer trees sharing strong evolutionary relationships
(PP61 and PP59; PP55 and PP54; Fig. 6; Table 4) and some distant trees sharing solid
evolutionary relationships (PP55 and PP52; Fig. 6; Table 3). Though the phylogenetic data
among between patches support our hypothesis, the data within the patches does not.
The DeltaK plot and matrices generated from the data of this experiment yielded
inconclusive results (Fig. 7-9). A DeltaK plot identifies the number of clusters (K) of genetically
homogeneous individuals. Detection of these group has been a long-standing issue within the
field of population genetics. With the creation of STRUCTURE, detecting these clusters became

possible through implementing a Bayesian algorithm on the basis of genotypes at multiple loci
(Pritchard et. al, 2000). Though this program estimates the number of ancestral populations, it
does not account for clonality. When calculating DeltaK, STRUCTURE looks at each specimen
as genetically independent and computes the proportion of an individual’s genome that originates
from inferred populations. The reason this does not work with clonal species, is because each
genome is either genetically identical or shares high genetic similarity. STRUCTURE can
differentiate and accurately generate a Delta K plot for genetically unique individuals, but it
rejects the clones because it cannot distinguish between the single lineage of genomes. In this
experiment, not only were individuals and clones mixed throughout the data set, there were
differing levels of clonality. Thus, no assumptions could be made from the Delta K plot and loci
versus individuals matrices.
Overall, the results of this study did not yield any conclusive results. However, some of
the findings coincided with our hypothesis. Clonality has too strong of an influence to take into
consideration the data generated for heterozygosity and DeltaK. The AMOVA chart suggested
the data was characteristic of panmictic populations, which completely contradicts the notion of
clonality as well as rejecting previous conclusions about molecular variance in Paw Paw. It is not
to say that this data should be disregarded, but further examination and testing is required. The
phylogenetic tree data supported our hypothesis between patches, but not within patches. The
heat matrix offered a promising start to the relationship between genetic distance and genetic
relatedness and was polished off by the Mantel plot. The heat matrix showed that the individuals
within patches displayed the highest levels of clonality, which supports our hypothesis.
However, it also suggests that the most genetically dissimilar exist between adjacent patches #2
and #3, which rejects our hypothesis. The Mantel plot did suggest that the closer individuals tend

to share more genetic similarity and genetic variation increases linearly with geographic
distance. However, in light of all the aforementioned results, this information does not carry a lot
of weight.
There are numerous factors that could potentially influence the results of this experiment.
The most obvious reason being the incompatible relationship between clonality and population
genetic analysis programs as well as the parameters they measure. Often, clonal populations
violate assumptions for analyzing population genetics. The Wright-Fisher model is one of the
oldest population genetic models still being used today. In these populations, random mating is
estimated by the random sampling of alleles where replacement happens from one generation to
the next generation (Hartl and Clark, 1997; Nielson and Slatkin, 2013). Clonal populations, on
the other hand, violate this assumption because they do not independently pass alleles through
generations. With that being said, few tools exist that are explicitly aimed for clonal analysis.
For example, heterozygosity is of major interest when studying genetic variation in natural
populations. It is typically one of the first parameters presented in a data set. However, it is
virtually useless when measuring clonal species due the significant increase it yields. The inverse
is true of population differentiation. Additionally, the DeltaK plot through STRUCTURE simply
does not know how to account for clonality. This is to no fault of the program or parameter, it
just means that new ways of measuring clonal organisms need to be developed before precise,
flawlessly supported conclusions can be drawn.
Not only can clones cause issues with population genetic analyses, but there are also
levels of clonality that further complicate things. When discussing the reasons that can influence
the results of our study, it is important to address the notion of somatic mutations. Unlike in
animals, it is possible to pass somatic mutations to plant progeny (D’Amato, 1997; Klewkowski,

2003). These mutations can contribute significantly to gene diversity in long-living clonal plants.
The older the genet, the more somatic mutations its ramets can accumulate, which causes them to
differ in their genetic makeup. As previously stated, reproduction through seeds is rare in Paw
Paw because trees produce a relatively low number of fruit. It is unlikely that there are as many
individuals within the three patches as the heat matrix would suggest. Within the context of our
study, somatic mutations could cause several ramets to register more as individuals than clones
and therefore bring an added element to analyzing clones versus individuals within and among
patches.
Though this experiment did not yield the conclusive results we were hoping for, it offered
a look into asexual and sexual reproductive nature of the Paw Paw tree as well clonality itself.
Research for Paw Paw is still in its infancy, with clonal research not far ahead. To truly
understand the reproductive patterns of the Paw Paw tree, more research must go into
quantifying clonal populations as a whole. This was the first of many studies that will be
conducted on Paw Paw and though it did make any ground-breaking discoveries, it still earned
its place among the exclusive literature examining the species. The Paw Paw tree has high
domestication potential as well as scientific and is sure to be a hot topic for the future of
population genetics.
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Figures and Tables:
Table 1. Geographic position and elevation for analyzed A. triloba samples (PP43-PP61)
obtained with the Global Positioning System (GPS)

Table 2. Distance (in meters) of A. triloba patch 1 from central tree PP43 to trees PP44-50. Patch
is organized in circular arrangement.
Paw Paw Meters from
(PP)
PP43
44
3.47
45
5.57
46
6.96
47
5.12
48
6.58
49
5.41
50
8.85

Table 3. Distance (in meters) between trees (PP) of A. triloba patch 2. Patch is organized in
linear arrangement.
Paw Paw Meters between
(PP)
trees
51-52
3.22
52-53
7.42
53-54
4.54
54-55
3.93
55-56
2.41

Table 4. Distance (in meters) between trees (PP) of A. triloba patch 3. Patch is organized in
linear arrangement. Note that PP59 and PP60 were swapped in line.
Paw Paw Meters between
(PP)
trees
57-58
5.55
58-60
6.05
59-60
3.7
59-61
4.35
Table 5. Primers used in ISSR Polymerase Chain Reaction with a Qiagen PCR Multiplex Kit
and targeted sequences

Figure 1. Map of West Virginia University Core Arboretum highlighting A. triloba
subpopulation patches. Patches PP43-50, PP51-56, and PP57-61 were examined.

Figure 2. Heat plot illustrating genetic distance and genetic relatedness between and within A.
triloba subpopulation patches. In the colored matrix, the blue cells represent individuals that are
genetically similar (clonal) to one another, whereas the red cells represent individuals that are
less similar. Patches are bordered off for easier visualization
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Figure 3. Histogram of pairwise genetic relatedness for examined A. triloba subpopulation
patches reported in frequency versus Queller and Goodnight relatedness mean values (QGM).
Lower QGM values indicate clones with increasing values representing full siblings, half
siblings, and at their highest, genetically unrelated individuals
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Figure 4. Summary of analysis of molecular variance (AMOVA) for the examined A. triloba
subpopulation patches. Percent of genetic variance that is among populations, among individuals,
and within individuals.
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Figure 5. Plot of linear genetic distance versus geographic distance between subpopulation
patches of A. triloba.. Graph has a slope of 3.1121x + 360.49 and an R2 value of 0.3604. This
plot was derived from a Mantel test performed in GenAlex v 6.5 with 99 permutations

Figure 6. Color-coded phylogenetic tree of relationship between 3 A. triloba subpopulations:
patch 1 (yellow), patch 2 (green), and patch 3 (blue). Neighbor-joining tree totaling 19 individual
samples and 3 duplicates based on pairwise Fst matrix. The phylogenetic tree was constructed
with a distance matrix and MEGA7 software

Figure 7. Plot of ΔK values from five runs of STRUCTURE on the A. triloba dataset, varying K
from 1 to 8. Inference of true K (number of clusters) versus ΔK (ad hoc quantity) was
inconclusive, with two peaks at K=3 and K=7

Figure 8. STRUCTURE output of projected inclusion of each individual (Q) to each inferred
cluster (K). Matching for subpopulation structure of ISSR analysis for 19 individual A. triloba
samples and 3 duplicates when K=7

Figure 9. STRUCTURE output of projected inclusion of each individual (Q) to each inferred
cluster (K). Matching for subpopulation structure of ISSR analysis for 19 individual A. triloba
samples and 3 duplicates when K=3

